Abstract: A reduction of the tetracyclic skeleton of sordarins and sordaricins to a cyclopentane ring bearing the pharmacophore functional groups led to new derivatives retaining part of their in vitro and whole-cell activity. © 1998 Elsevier Science Ltd, All rights reserved. Keywords: antibiotics; enzyme inhibitors; fungi; molecular modeling~mechanics Sordadn (la) is an antifungal mould metabollte isolated from Sordaria araneosa, t Derivatives of sordarin (la) and its aglycone sordaricin (lb) are selective and potent fungal protein synthesis inhibitors. 2 In addition, these derivatives are endowed with a good whole-cell activity against the majority of fungal pathogens 3 and, therefore, are considered as promising antffungal agents. Sordaricin (lb) presents a rather unusual teuacyclic diterpene structure bearing what is supposed to be its phatmacophoric group: a formyl and a carboxylic acid group in a vicinal arrangement with a high enough dihedral angle to avoid internal hemiacetalisation, and a third appendage which not only might enhanc6 binding but could function as cell uptake modulator as well. These fungal protein synthesis (FPS) inhibitors lose part of their potency in the presence of mouse serum and liver S-9 fraction which is likely due to serum binding and/or enzymatic degradation. On the basis of mass spectrometric studies of the metabofites coming from fiver degradation, we have been able to determine that cyclopentane C-6 and C-7 positions suffer oxidative metabolism through cytochrome P-450 mediated hydroxylation. 4 In order to improve bioavailability of these antifungals and to ascertain whether a more reduced sa'ucture like 2 (Scheme 1) could retai n inhibitory activity of the fungal protei n synthesis we initiated a chemical program aimed to design and synthesize simpler sordarih related fungal protein synthesis inhibitors. 
Molecular Modeling
One of the geometrical requirements for a reduced model like 2 was a dihedral angle OHC-C-C-COOH similar to that of natural sordaricin. Besides, the distances of the three main functionalities from each other should be close to those of lb. From chemical considerations the presence of a methyl group in each one of the corresponding ct positions of the aldehyde and carboxylic acid groups was considered suitable in order to avoid possible epimerizations. To investigate the former arguments we have performed molecular modeling calculations of both structures. These were built using INSIGHT software s and energy minimized with off95 force field using steepest-descent and convergent-gradients algorithms with a convergence criteria of 0.001 kcal/mol. In addition, we have carried out semiempirical molecular orbital calculations using the AM1 hamiltonian within MOPAC 6.0. 6 Table 1 . Geometrical constraints from energy minimisations. 
(z)
From distances and dihedral angles obtained (Table 1 ) two points can be drawn: (a) simplif~d sordaricin 2 maintains the main structural features of lb regarding COOH to CHxOH and COOH to CHO distances, and (b) the differences found for the key dihedral zngles could be due to the lower strain energy for the simplified ring as compared with the tetracyclic structure. Figures 1 and 2 show minimised structures of lb and 2 and its molecular superimposition, respectively. 
Che~
Apart from the simplified sordaricin analogue 2 we selected five representative simplified derivatives, 6, 8, 10, 12, and 15 (see scheme 2). We used different substiments to cover a range of lipophilicity (clogP from 0 to 4) 7 and several functional links to our simplified sordaricin moiety (ester, acetal, ether and glycoside). In addition, derivative 15 was selected because its sugar substructure resembles sordarin in the stereochemical arrangement of ring substituents and it is easily accessible from commercial (+)-D-digitoxose.
Recently, we have reported an cnantiospecific synthesis of the simplifs~d aglycon 2 and its benzoylated derivative 6 starting from (+)-3,9-dibromocamphor (Scheme 2). 
Biological results
It is known that all the sordarin derivatives act by inhibiting the transloeational step of the elongation cycle.
Recently, the complex of ribosome and EF-2 factor has been ascertained as the target for these types of antifungais)o, u, 12 The inhibitors prepared in this work were assayed for their inhibitory activity in a cell free C.
albicans protein synthesis assay. This cell free translational system uses poly-U as synthetic messenger RNA template. The labeled amino acid, Pbe-t4C, along with other energetic additives like ATP and GTP are added to these lysates. Upon incubation with the inhibitor, activity can be measured by scintillation counting of radiolabelled poly-Phenylalanine.
All the simplified inhibitors show inhibitory potency in this C. albicans protein synthesis assay ~3 though at least twenty eight-fold lower than sordaricin. All of them, except 2, also inhibit C. albicans cell growth with MIC values between 56 and 462 p.M, which could account for the cell uptake modulator role of the attached substructures by increasing molecule lipophilicity. (Table 2 ) Even though the simplification of the molecules described here is too high, they maintain part of the in vitro and whole-cell activities of sordaricin (lb). In conclusion, these results show that it is possible to design and build simpler antifungals of this type. Further optimisation of all the parameters contributing to antifungal activity will lead to a more potent target molecule.
